Neonatal circumcision is widely considered to have a protective effect against the development of squamous cell carcinoma of the penis in later life. We report 3 cases of squamous cell carcinoma in men who were circumcised as neonates. The 3 men, aged 49, 55 and 64 years, presented for consideration of brachytherapy. The tumour stage was T3 in 1 case and T1 in the others. The tumours were moderately differentiated in 2 cases and well differentiated in 1 case. All 3 men had a remote history of penile condylomata acuminatum 20-30 years earlier.
Case 1
A 55-year-old man presented with a nonhealing lesion on his glans penis that had not responded to steroid creams. He was circumcised as an infant but had a history of penile warts 25 years earlier. He was a former smoker and denied any high-risk sexual behaviour. There was no history of trauma to the penis, but he had attributed the lesion to friction induced by bike shorts. On examination, an erythematous lesion measuring 1.5 cm × 2.4 cm was present on the ventral surface of the glans near the urethral meatus. The depth of the lesion was 2-3 mm. Biopsy, performed 18 months after the onset of the symptoms, revealed a moderately differentiated squamous cell carcinoma. In situ hybridization did not detect HPV DNA in the biopsy specimen. There was no clinical evidence of inguinofemoral lymphadenopathy (T1N0). The patient was treated with interstitial brachytherapy in April 2002. Abdomino-pelvic CT scan in May 2002 showed a 3.0 cm × 1.3 cm lymph node in the right inguinal region. The patient underwent bilateral superficial inguinal dissection in June 2002, but all the lymph nodes were negative for malignancy. Four years after the procedure, he was disease-free with good cosmesis and sexual function.
Case 2
A 49-year-old man presented with a 6-month history of ulceration of his glans penis, which was treated with antiviral, antifungal and antibiotic agents without response. He developed a deviated urinary stream, and in November 2001 underwent biopsy, which showed diffuse inflammation of epidermis and presence Neonatal circumcision and invasive squamous cell carcinoma of the penis: a report of 3 cases and a review of the literature
Introduction
Globally, about 25% of males are circumcised for cultural, religious or medical reasons. 1 There is evidence that circumcision is protective against infant urinary tract infections and certain sexually transmitted infections (STIs) including HIV. [1] [2] [3] Neonatal circumcision has been cited as being "highly protective" against invasive penile carcinoma. 4 One of the most prevalent STIs is infection by human papillomavirus (HPV). HPV DNA has been detected in 49%-80% of invasive squamous cell cancers of the penis, [5] [6] [7] [8] with the known oncogenic subtypes 16 and 18 being the most common, although HPV 33 has also been reported. 9 We report 3 cases of invasive penile cancer in men who were circumcised as neonates but had a remote history of HPV infection in young adult life. (Fig. 1) . We tested for HPV DNA using the Polymerase Chain Reaction (PCR) technique but the results were inconclusive. He was circumcised at birth. He denied any history of STIs or multiple sexual partners, and reported being a heavy smoker with a 25-pack year history. He had been treated for a warty lesion on the glans with podophyllum resin at the age of 22 years and subsequently with liquid nitrogen at the age of 27 years. On examination, there was an ulcerative lesion on the ventral aspect of the glans with a rolled edge extending beyond the coronal sulcus proximally and reaching almost to the meatus distally. The lesion was impinging on the urethra just proximal to the meatus, as seen on urethroscopy, but the urethral mucosa appeared intact. The maximum dimension was 2.5 cm. There were suspicious nodes in the right inguinal region on clinical examination but CT scan was negative. The patient was clinically staged as T3N0 and underwent brachytherapy in January 2002. Bilateral superficial inguinal lymph node dissection in May 2002 was negative for malignancy. He developed soft tissue ulceration on the ventral surface of the glans, which was treated with hyperbaric oxygen therapy with satisfactory results. As of January 2007, 5 years after brachytherapy, he remained disease-free with an intact penis and intact erectile function.
The cases

Case 3
A 64-year-old man presented with a history of a lesion on his glans penis for 18 months, which had not responded to steroid and antifungal creams. Biopsy was performed in August 2006 and showed squamous cell carcinoma in situ with cancer extending to the margin of resection. Deeper invasion could not be excluded owing to inadequate sampling. PCR was positive for HPV subtype 16 DNA. The patient was circumcised as an infant and had never smoked, but he had a history of penile condyloma acuminatum 20 years earlier that was treated with podophyllum resin. He denied any high-risk sexual behaviour. On examination, there was an erythematous, slightly elevated lesion measuring 1 cm on the glans adjacent to the urethral meatus. Bilateral inguinal regions were clinically clear (T1N0). He underwent brachytherapy in September 2006 and remains disease-free with good function.
The common findings in all 3 men were neonatal circumcision, a history of penile condyloma acuminatum in early adult life and then the development of invasive penile cancer 20-25 years later. In each instance diagnosis was delayed for 6-18 months, presumably owing to the assumption that penile cancer is exceedingly rare in a circumcised penis. All 3 men were successfully treated, fortunately preserving penile function and morphology, using pulsed dose rate (PDR) brachytherapy. Details of the brachytherapy technique and results from our institution are described elsewhere. [10] [11] [12] The dose prescribed was 60 Gy delivered over 4.5-5 days. Two patients underwent modified bilateral inguinal dissection because of either tumour stage or differentiation as per our clinical experience and guidelines. [10] [11] [12] [13] Both patients had negative lymph nodes on pathological examination. All 3 men remain disease-free and have an intact penis and intact erectile function.
Discussion
Neonatal circumcision has been considered protective against invasive penile cancer. An extensive review of 1103 cases of penile cancer reported in 1932 failed to detect a single case among men 28 updated this series with 22 additional cases. In these men, circumcision was performed in an unhygienic mannerTihamah circumcision -which led to scarring and subsequent development of cancer in these scars. Tumours were locally advanced at presentation and were treated surgically. Paradoxically, Brinton and colleagues 29 reported a case-control series in which circumcised men had a higher risk of developing penile cancer than uncircumcised men. However, as in the cases reported by Bissada and colleagues 27 and Seyam and colleagues, 28 none of the reported cases had had circumcision at birth and more than one-half had this procedure done within 5 years preceding the diagnosis of penile cancer. Circumcision performed to relieve symptoms such as phimosis or discharge may well be associated with a premalignant condition.
Circumcision, even when performed neonatally, may not offer protection against the development of carcinoma in situ. 31, 32 Schoen and colleagues 4 reported that more than 15% of patients with in situ cancer were circumcised at birth. In the case-control series by Maden and colleagues, 5 20% of cases had neonatal circumcision, but both invasive and in situ penile cancers were considered together. It is not clear how many men with neonatal circumcision developed invasive penile cancer, compared with in situ cancer. Our report of 3 men with invasive penile cancer, all circumcised at birth, is noteworthy in that all 3 had a history of benign penile warts 20-25 years earlier. The history of penile warts has been reported in case-control studies to be a major risk factor for the development of penile cancer, with an odds ratio ranging from 5.9 to 7.6. 5, 8 Case reports have also documented invasive penile cancer developing in men circumcised at birth. 15, 16, 26 The most commonly attributed infective agents in penile cancer are HPV 16 and 18. [5] [6] [7] [8] 33 HPV 16 DNA was demonstrated by PCR in the biopsy specimen of 1 patient in our series. Even though the reported incidence of high-risk HPV DNA generally ranges from 49%-80% in invasive penile cancer, [5] [6] [7] [8] 33 it can be as low as 15%. 34 Certainly, our patients' histories would implicate HPV causation, even in the absence of PCR proof.
These 3 men presented at a relatively young age (49, 55 and 64 yr). Two recent case reports of invasive penile cancer 25, 26 also showed a trend toward occurrence in younger men (34 and 37 yr, respectively). All 3 men were successfully treated by brachytherapy, with or without inguinal node dissection, achieving penile preservation without locoregional recurrence, despite a significant delay from onset of symptoms to diagnosis. The delay in these cases was not attributable to the patient, rather to the assumption among physicians that neonatal circumcision offers an absolute protection against invasive penile cancer. [23] [24] [25] Etiologic factors implicated in the causation of invasive penile cancer other than lack of circumcision and genital warts include use of tobacco products, history of penile rashes or trauma, poor hygiene, other STIs (e.g., syphilis and herpes), urinary tract infections, and the presence of high-risk sexual behaviour or multiple sexual partners. 5, 8, 29, 35, 36 One of our patients was a heavy smoker with a 25-pack year history. All 3 men were educated beyond high school level and stated that they maintained proper hygiene. All denied high-risk sexual behaviour and had long-standing monogamous relationships. Even though there is evidence for the association of these risk factors with penile cancer, the exact role and pathogenesis are still not clear. Evidence is evolving for the multiple independent pathways of penile carcinogenesis, which may include mutations in the p53 gene other than HPV infection. 6, 37 Based on our cases and the literature, it is prudent to conclude that circumcision, even when performed neonatally, does not offer absolute protection against invasive penile cancer. Neonatal circumcision may still be one of the major protective factors against penile cancer, but it should not prevent the physicians from having a high index of suspicion when there is a nonhealing penile lesion. Biopsies should be undertaken sooner rather than later especially when there is a history of remote HPV infection or other known risk factors for penile cancer.
